Derivados de 3,4-dihidropirimidin-2-(1H)-onas foram sintetizados via uma reação one-pot de três componentes, com excelentes rendimentos em curtos tempos reacionais, usando aldeídos, acetoacetato de etila e uréia (ou tiouréia) em líquidos iônicos à temperatura ambiente (RTILs) sob radiação de ultrassom, sem adição de catalisador. Um mecanismo sintético plausível foi postulado levando em consideração o papel catalítico dos líquidos iônicos em promover a reação. Os líquidos iônicos puderam ser reciclados no mínimo seis vezes com boa retenção de atividade.
Introduction
3,4-Dihydropyrimidin-2-(1H)-ones (DHPMs) and their derivatives have attracted global interest because of their pharmacological and therapeutic properties. 1, 2 They have emerged as integral backbones of several calcium channel blockers, antihypertensive agents, alpha-1a adrenergic receptor antagonists. 3 Several marine alkaloids containing the DHPM unit have shown interesting biological properties. 4 Synthetic strategies towards the dihydropyrimidine nucleus involve one-pot to multistep approaches. The classical synthesis of DHPM nucleus, condensation of ethyl acetoacetate, benzaldehyde and urea under strong acidic condition was low yielding (20-50%). 1 Subsequent multistep synthesis produced somewhat higher yields but lacked the simplicity of one-pot, one-step procedure. 5 Consequently, for the synthesis of DHPMs many improved procedures have been reported. Many of these procedures effectively employed catalyst such as BF 3 ·Et 2 O 6 in combination with transition metal salts and a proper proton source. Polyphosphate ester 7 was claimed to greatly improve the yield. Recently, the use of various catalysts 8 like polystyrene sulphonic acid (PSSA), Bi(NO 3 ) 3 , PhB(OH) 2 3 , InCl 3 have been reported. In addition, microwave 9 and ultrasound 10 are also reported to promote the Biginelli three component cyclocondensation reaction. Most of the reported methods employ strong acidic conditions, high temperature and require long reaction times, or use expensive catalysts. From a literature survey, emerged the need to carry out this reaction with higher atom utilization and shorter reaction times under milder reaction conditions.
Ionic liquids (ILs) have attracted extensive research interest as environmental benign solvents due to their negligible vapour pressure, solvating ability, reusability and high thermal stability.
11 Apart from this, some ILs possess inherent Lewis/Bronsted acidity; 12 by combining these unique properties they have emerged as a ''green reaction media''. The use of ILs as reactions media may offer a convenient solution to both the solvent emission and catalytic recycling problem with high efficiency. 13 The use of ultrasound is now well known to enhance the reaction rates and yields of reactions under milder conditions. 14 The considerable energy for transformation is liberated by formation and collapse of bubbles. The reaction media such as ILs, having negligible vapour pressure, 15 
Results and Discussion
Song and co-workers 16 4 ] as the co-solvent for the reaction. All the reactions were monitored by TLC and carried forward to maximum atom utilization. All the compounds were characterized by melting point, IR, 1 H NMR, 13 C NMR and mass spectral techniques. All the data were in agreement with the cited literature. It was noticed that the aldehydes having electron donating/withdrawing substituent reacted in short reaction time to afford the DHPMs in very good to excellent isolated yields.
From the experimental observations, it was noticed that the reactions did not proceed even after minutes of ultrasound irradiation in molecular solvents such as ethanol and ethyl acetate in place of the ILs. Similarly, formation of DHPMs was not observed when the reactions were conducted in the ILs under simple stirring at 30 °C without ultrasonic irradiation. Thus the combined use of ultrasound irradiation and the ionic liquid as reaction medium has promoted Biginelli reaction in absence of any added catalyst.
The 4 ] under similar conditions, significant change in the chemical shifts were observed for aldehydic and ketonic carbonyl carbons (ca. 5 ppm) for both due to their interaction with IL. A plausible mechanistic pathway has been postulated based on this evidence (Scheme 3). The activity of recycled ionic liquid was studied in the synthesis of 2a. After product separation, the aqueous filtrate was subjected to vacuum for 4h, to leave behind the mixture of ionic liquids. This mixture was reused in the next run without any further purification. As shown in Figure 1 the reaction medium can be reused for at least six times without significant decrease in the yields.
Experimental

Materials
All chemicals were of research grade and were used as obtained. The reactions were performed in D-compact ultrasonic cleaner with a frequency of 50 kHz and power 250 W. IR spectra were recorded on a FT IR Perkin Elmer Spectrum GX spectrometer, mass spectra on a Shimadzu GCMS QP 2010 instrument, elemental analysis on Perkin Elmer PE 2400 elemental analyzer and 1 H NMR and 13 C NMR spectra were recorded on Bruker Avance 400 MHz spectrometer in CDCl 3 /DMSO-d 6 with TMS as an internal standard. The melting points are uncorrected and are compared with the reported literature values.
Preparation of carboxyl-functionalized ionic liquid [cmmim][BF 4 ]
Aliquots of chloroacetic acid (1 equiv.) was added over a period of 60 min to 1-methyl-imidazole (1 equiv.) at room temperature under stirring, and then the reaction mixture was exposed to ultrasound for an additional period of 120 min at ambient temperature. The solid thus obtained was washed with acetonitrile, and dried under vacuum. The reactions were carried out in a 25 mL capacity round bottom flask. Reactant mixture was suspended at the center of the bath, slight below the water surface. At completion of the reaction (as indicated by TLC), a solid product gradually formed was poured into crushed ice (20 g ) and stirred for 15-20 min. The solid separated was filtered through a sintered funnel under suction, washed with ice-cold water (15 mL) and then recrystalliszed from hot ethanol or ethyl acetate to afford pure DHPMs, 2a-o. The combined aqueous filtrate was heated at 80 °C under reduced pressure (10 mm Hg) for 4 h to leave behind the mixture of ILs in near complete recovery, pure enough to recycle. The recovered ionic liquid mixture was found to be equally effective for at least six recycles in the synthesis of 2a.
Spectral data for some selected DHPMs
5-Ethoxycarbonyl-6-methyl-4-phenyl-3,4-dihydropyrimidin-2(1H)-one (2a)
IR ( 
5-Ethoxycarbonyl-6-methyl-4-(4-fluorophenyl)-3,4-dihydro pyrimidin-2(1H)-one (2c)
5-Ethoxycarbonyl-6-methyl-4-(4-methoxyphenyl)-3,4-dihydropyrimidin-2(1H)-one (2f)
5-Ethoxycarbonyl-6-methyl-4-(3,4,5-trimethoxyphenyl)-3,4-dihydropyrimidin-2(1H)-thione (2o)
Conclusions
The synergistic effect of ILs and ultrasound has been successfully demonstrated to offer an easy way for the synthesis of DHPMs in excellent yields in a single pot reaction. The milder conditions, absence of additional catalyst, high reaction rates, excellent yields, easy work up and combined use of ionic liquids and ultrasound make this procedure an improved alternative to the conventional acid/base catalyzed thermal processes and is environment friendly with minimal or no waste.
Supplementary Information
Spectral data for all synthesized DHPMs and 13 C NMR spectra in evidence for bonding of IL with p-tolualdehyde are available free of charge at http://jbcs.sbq.org.br, as PDF file. 
5-Ethoxycarbonyl-6-methyl-4-(4-methylphenyl)-3,4-dihydropyrimidin-2(1H)-one (2e)
IR (KBr) ν max /cm 
5-Ethoxycarbonyl-6-methyl-4-(2-furyl)-3,4-dihydropyrimidin-2(1H)-one (2g)
5-Ethoxycarbonyl-6-methyl-4-(2-chlorophenyl)-3,4-dihydropyrimidin-2(1H)-one (2h)
5-Ethoxycarbonyl-6-methyl-4-(4-hydroxyphenyl)-3,4-dihydropyrimidin-2(1H)-one (2i)
5-Ethoxycarbonyl-6-methyl-4-(2-thienyl)-3,4-dihydropyrimidin-2(1H)-one (2l)
5-Ethoxycarbonyl-6-methyl-4-(4-methoxyphenyl)-3,4-dihydropyrimidin-2(1H)-thione (2n)
